Introduction {#Sec1}
============

Malignant biliary obstruction (MBO) is a large group of malignant tumors that cause biliary obstruction, including hilar cholangiocarcinoma, pancreatic head cancer, and cholangiocarcinoma. Surgical radical resection is the only treatment that could cure and obtain a long-term survival rate, and the majority of patients need combined hepatectomy to achieve a radical cure \[[@CR1]\]. Most patients with MBO diseases have obstructive jaundice of varying degrees. Preoperative biliary drainage (PBD) is needed to improve liver function, coagulation function, nutritional status, and immune function in order to avoid acute cholangitis and promote liver regeneration, as well as reducing the risk of operative and postoperative complications \[[@CR2]--[@CR4]\]. Common PBD methods include endoscopic biliary stent (EBS), endoscopic nasobiliary drainage (ENBD), and percutaneous transhepatic biliary drainage (PTBD). Each PBD has a certain risk of complications which can endanger life and result in a lost opportunity for an operation. It has been reported that PBD can cause complications such as biliary hemorrhage, acute cholangitis, and acute pancreatitis, with an incidence of 8%. In addition, PBD can also cause bacterial contamination of bile, and therefore increases the probability of infection after an operation, and even metastasis of tumors \[[@CR5]--[@CR7]\]. PTBD belongs to invasive drainage, which can be placed with multiple drainage tubes to relieve jaundice. However, PTBD is not considered as the first choice due to its increased probability of tumor metastasis by the invasive procedure. For an easy-to-operate drainage EBS and ENBD, it is still not clear which one has the best preoperative effect to reduce jaundice. Multicenter large sample randomized controlled clinical trials are still needed. Therefore, we systematically reviewed relevant studies since the emergence of EBS and ENBD, and made a quantitative analysis to explore their implementation effect, application value, and mode selection in order to provide an evidence-based reference for clinical practice.

Methods {#Sec2}
=======

Retrieval strategy {#Sec3}
------------------

The literature was retrieved from PubMed, EMBASE, and Cochrane Library databases using the keywords "nasobiliary drainage," "nasobiliary catheter," "nasobiliary drain," and "ENBD," and the combination of "internal endoscopic biliary drainage," "internal EBD," "endoscopic biliary stenting," "EBS," "endoscopic retrograde biliary drainage," "ERBD," "stent," and "stenting" in order to identify relevant studies published before September 2019. Figure [1](#Fig1){ref-type="fig"} summarizes the process for retrieving relevant literature, and Table [1](#Tab1){ref-type="table"} summarizes the patient characteristics and surgical results included in the study. Fig. 1PRISMA 2009 flow diagram of literature screeningTable 1Basic characteristics and quality assessment of enrolled documentsCountryStudy designPeriod of studyType of PBDCaseSex (M/F)AgeQuality (NOS)Fujii T \[[@CR8]\]JapanPC2008-2014ENBD5030/2066.5 (39-83)7EBS7246/2667 (38-84)Huang X \[[@CR9]\]ChinaRC2005-2014ENBD185/1360.6 ± 8.47EBS3710/2758.1 ± 8.3Jo JH \[[@CR10]\]KoreaRC2005-2012ENBD138/1358.9 (42-77)5EBS4223/1961.1 (29-80)Kawakami \[[@CR11]\]JapanRC1999-2009ENBD6044/1671 (45--81)7EBS204/1670 (59--77)Kawakubo \[[@CR12]\]JapanRC2009-2014ENBD8574/4469 ± 96EBS33Nakai Y \[[@CR13]\]JapanRC2010-2014ENBD281189/9271 (64-76)7EBS7647/2970 (65-74)Sasahira \[[@CR14]\]JapanRC2010-2012ENBD16664/10270 (63-76)7EBS25364/18969 (62-75)Sugiyama \[[@CR15]\]JapanRC2008-2012ENBD386EBS38Zhang G \[[@CR16]\]ChinaRC2009-2016ENBD10258/4455.26 ± 9.077EBS5129/2256.24 ± 9.65*EBS* endoscopic biliary stenting, *ENBD* endoscopic nasobililary drainage, *NA* not available, *NOS* Newcastle-Ottawa Score, *RC* retrospective clinical study, *PC* prospective clinical study

Inclusion criteria {#Sec4}
------------------

Inclusion criteria were as follows: (1) study subjects: the cases with confirmed MBO, feasible limited operation; (2) original published literature which contained comparison research on the efficacy of ENBD and EBS, including randomized controlled studies, prospective observational studies, or retrospective observational studies; (3) the sample size of the study: unlimited; (4) follow-up time: more than 3 months; (5) the language of published literature: English; (6) research type: human studies; (7) research indicators: incidence rates of preoperative cholangitis, preoperative pancreatitis, stent dysfunction, morbidity, and postoperative pancreatic fistula.

Data exclusion and quality assessment {#Sec5}
-------------------------------------

Articles that conformed to the following rules were removed: (1) studies with incomplete information, inability to extract valid data, unresponsive contact with authors, repeated publication, unpublished follow-up, and unknown follow-up time; (2) one-arm study of ENBD or EBS, studies reporting outcomes about ENBD or EBS alone without comparison; (3) MBO cases that lost the opportunity of surgical treatment; (4) literature written in languages other than English; (5) robotic research, reviews, case reports, and animal experiments.

This meta-analysis only enrolled 9 cohort studies (CSs). CSs were graded according to the Newcastle-Ottawa Scale (NOS), including selection, comparability, exposure evaluation, or outcome evaluation. NOS adopted the semi-quantitative principle of star system to evaluate the quality of literature, which is divided into 9 stars (Additional file [1](#MOESM1){ref-type="media"} Appendix file 2).

Statistical analysis {#Sec6}
--------------------

Meta-analysis was performed by Review Manager 5.3 software. Risk ratio (RR) was selected for dichotomous data. Weighted mean difference (WMD) and its 95% confidence interval (CI) were selected for continuous data. Chi-square test was used for the homogeneity test of each study. The fixed effect model was used only if homogeneity was accepted (*I*^*2*^ \< 35%, *P* \< 0.05). If there was significant clinical heterogeneity among the studies, the random effect model was used. *P* values \< 0.05 were considered as statistically significant. Sensitivity analysis was performed by removing 1 study at a time to assess whether the results could have been markedly affected by a single study. Subgroup analysis was performed according to the factors affecting the outcome. The funnel plots were qualitatively used to judge whether there was publication bias in these studies. Begg's test and Egger's test were quantitatively used to evaluate the publication bias of the included study, as shown in Table [2](#Tab2){ref-type="table"}. The significance level was limited to 0.05. Table 2Meta-analysis results of all available studies in measured outcomesMeasured outcomesSubgroupNo. studiesNo. patientsHeterogeneity testModelRR/WMD95% CI*P*Begg's testEgger's test*I*^*2*^(%)*P*Pr \> \|z\|\*Pr \> \|z\|\*\*P \> \|t\|\*Preoperative cholangitisTotal9813 vs. 62219.10.273Random0.460.34, 0.62\< 0.0010.4040.4660.73HCC2145 vs. 5381.50.02Random0.50.19, 1.30.156\-\-\-\-\--DBO4535 vs. 43917.40.259Random0.380.26, 0.57\< 0.0010.1740.3080.282Preoperative pancreatitisTotal7750 vs. 50800.929Fixed0.690.50, 0.950.0230.88110.551HCC2145 vs. 5300.999Fixed0.670.30, 1.470.314\-\-\-\-\--DBO3485 vs. 36700.825Fixed0.740.50, 1.120.1520.60210.603Stent dysfunction rateTotal6464 vs. 43738.60.149Random0.580.43, 0.80.0010.1880.260.311HCC2145 vs. 5300.319Random0.480.35, 0.67\< 0.001\-\-\-\-\--DBO2204 vs. 29126.30.244Random0.590.39, 0.900.015\-\-\-\-\--MorbidityTotal5231 vs. 18800.418Fixed0.770.64, 0.930.0070.1420.2210.163POPFTotal3170 vs. 1607.70.338Fixed0.650.45, 0.920.0160.60210.536*HCC* hilar cholangiocarcinoma; *DBO* distant biliary obstruction; *POPF* postoperative pancreatic fistula; *No.*number of; *RR* risk ratio; *WMD* weighted mean difference; *CI* confidence interval\**P* value\*\**P* value (continuity corrected)\--Not applicable

Results {#Sec7}
=======

Search results and study characteristics {#Sec8}
----------------------------------------

Nine relevant publications were used in this study, 8 RCSs and 1 prospective cohort study. The cumulative sample size in these studies was 1435 patients, including 813 samples in the ENBD group and 622 samples in the EBS group. Basic characteristics and quality assessment of the enrolled documents are shown in Table [1](#Tab1){ref-type="table"}. Meta-analysis results of endpoints from all available studies are shown in Table [2](#Tab2){ref-type="table"} at end of article.

Incidence of preoperative cholangitis {#Sec9}
-------------------------------------

From the 9 studies, 813 cases in the ENBD group and 622 cases in the EBS group were used in this meta-analysis \[[@CR8]--[@CR16]\]. Low heterogeneity (*I*^2^  = 19%, *P*  = 0.27) was found, so we chose a random-effect model to pool the RR. Overall, the pooled data demonstrated that ENBD was associated with a low incidence of preoperative cholangitis (RR  =  0.46, 95% CI  =  0.34--0.62, *P*   \<  0.00001) in the MBO patients. Subgroup analysis showed a higher incidence of preoperative cholangitis in the EBS group than in the ENBD group among hilar cholangiocarcinoma (HCC) patients (RR   =  0.50, 95% CI  =  0.19--1.30, *P* =  0.16) and malignant distal biliary obstruction patients (RR =  0.38, 95% CI  =  0.26--0.57, *P* \<  0.00001) (Fig. [2](#Fig2){ref-type="fig"} Additional file [1](#MOESM1){ref-type="media"} Appendix file 4). Fig. 2Forest plots of preoperative cholangitis rates

Incidence of preoperative pancreatitis {#Sec10}
--------------------------------------

From 7 studies, 750 cases in the ENBD group and 508 cases in the EBS group were used in this meta-analysis \[[@CR8], [@CR9], [@CR11]--[@CR16]\]. No heterogeneity (*I*^*2*^  =  0%, *P*  =  *0.93*) was found, so we chose a fixed-effect model to pool the RR. Overall, the pooled data demonstrated that ENBD was associated with a low incidence of preoperative pancreatitis (RR  =  0.69, 95% CI  =  0.50--0.95, *P*  = 0.02) in the MBO patients. Subgroup analysis showed there was no significant difference in the preoperative pancreatitis rate between ENBD and EBS in HCC patients (RR  =  0.67, 95% CI  =  0.30--1.47, *P*  =  0.31) or malignant distal biliary obstruction patients (RR  =  0.74, 95% CI  =  0.50--1.12, *P*  =  0.15) (Fig. [3](#Fig3){ref-type="fig"} Additional file [1](#MOESM1){ref-type="media"} Appendix file 5). Fig. 3Forest plots of preoperative pancreatitis rates

Stent dysfunction rate {#Sec11}
----------------------

From 6 studies, 464 cases in the ENBD group and 437 cases in the EBS group reported a stent dysfunction rate \[[@CR10]--[@CR16]\]. Moderate heterogeneity (*I*^*2*^  =  39%*, P  =*  0.15) was found, so we chose a random-effect model to pool the RR. Overall, the pooled data demonstrated that ENBD was associated with a low incidence of stent dysfunction (RR  =  0.58, 95% CI  =  0.43--0.80, *P*  =  0.0008) in MBO patients. Subgroup analysis showed that the stent dysfunction rate was also higher in the EBS group than in the ENBD group among HCC patients (RR  =  0.0.48, 95% CI  =  0.35--0.67, *P*  \<  0.0001) and malignant distal biliary obstruction patients (RR  =  0.59, 95% CI  =  0.39--0.90, *P*  =  0.02) (Fig. [4](#Fig4){ref-type="fig"} Additional file [1](#MOESM1){ref-type="media"} Appendix file 6). Fig. 4Forest plots of stent dysfunction rates

Morbidity {#Sec12}
---------

Five studies were used to assess morbidity, which was defined as the incidence of all pre- and postoperative complications \[[@CR9]--[@CR11], [@CR14]--[@CR16]\]. Although only 1 study showed that ENBD had a significant advantage in terms of morbidity compared with EBS, the pooled results had no heterogeneity (*I*^*2*^*=*  0%, *P  =*  0.42) and showed that ENBD had a significantly lower incidence of morbidity than EBS (RR  =  0.77, 95% CI  =  0.64--0.93, *P*  =  0.007) (Fig. [5a](#Fig5){ref-type="fig"} Additional file [1](#MOESM1){ref-type="media"} Appendix file 7). Fig. 5**a** Forest plots of morbidity rates. **b** Forest plots of pancreatic fistula rates

Postoperative pancreatic fistula {#Sec13}
--------------------------------

Three studies were used to assess the rate of postoperative pancreatic fistula (POPF) \[[@CR8], [@CR9], [@CR16]\]. The pancreatic fistula rate was significantly lower in the ENBD group than in the EBS group (RR  =  0.65, 95% CI  =  0.45--0.92, *P*  =  0.02) based on the pooled data, which showed low heterogeneity (*I*^*2*^*=*  8%, *P  =  0.34*) (Fig. [5b](#Fig5){ref-type="fig"} Additional file [1](#MOESM1){ref-type="media"} Appendix file 8).

Sensitivity analysis and assessment of risk of bias {#Sec14}
---------------------------------------------------

Sensitivity analysis suggested that the majority data in this meta-analysis were relatively stable. The funnel plots were used to judge whether there was publication bias in these studies. As shown in the funnel plots, the studies are basically symmetrical and the possibility of publication bias is low. No publication bias was detected by Begg's test and Egger's test. (Fig. [6](#Fig6){ref-type="fig"} Additional file [1](#MOESM1){ref-type="media"} Appendix file 9) Fig. 6The funnel plots of meta-analysis

Discussion {#Sec15}
==========

Malignant obstruction of the hepatobiliary system is caused by obstruction or compression of bile duct epithelial cancer, gallbladder cancer, pancreatic cancer, or metastatic cancer. The main clinical manifestations are jaundice, abdominal pain, and fever. A large amount of bile retention may cause liver dysfunction, and cause pancreatitis and cholangitis. Severe cases may also lead to complications such as sepsis and disseminated or diffuse intravascular coagulation (DIC), all of which may result in the loss of surgical intervention. Surgical resection is the only way to cure MBO. Surgery depends not only on the tumor itself but also on jaundice, liver function, the physical condition of the patient, and other complications \[[@CR12]\]. Therefore, some patients must be treated with PBD to reduce jaundice in order to make surgery tolerable. Previous treatment for obstructive jaundice caused by MBO often used PTBD for biliary drainage \[[@CR17], [@CR18]\]. In recent studies, surgeons have preferred endoscopic biliary drainage to PTBD, taking into consideration the quality of life for patients and avoiding the spread of tumors and serious complications \[[@CR19]--[@CR21]\]. The operation of ENBD and EBS is relatively simple. At present, there is no randomized controlled clinical study comparing the clinical efficacy of these 2 PBD methods before radical resection of MBO cancer. Long patency drainage methods are often desired in patients who could not undergo surgery. For the temporary PBD before resecting MBO, the effect of drainage and the effect of PBD on the operation should be considered. In this study, the advantages and disadvantages of 2 kinds of drainage effects and complications were systematically discussed.

Inflammatory reactions including cholangitis and pancreatitis after post-ERCP are unavoidable in endoscopic biliary drainage \[[@CR22], [@CR23]\]. ENBD is an exogenous operation to drain bile and relieve biliary obstruction. It is convenient for biliary cytology and cholangiography \[[@CR24]\]. However, long-term indwelling of a nasobiliary duct after ENBD may cause discomfort to laryngeal stimulation and disturbance of water and electrolyte, and there is a risk of the nasobiliary duct breaking or falling off due to the influence of hepatointestinal circulation. EBS, as an internal biliary drainage method, connects the biliary tract and duodenum with a stent without the abovementioned adverse effects. When EBS is used for distal malignant obstruction, the stent will obstruct due to the role of intestinal microorganisms, leading to food reflux. This is one of the causes of biliary tract infection and preoperative cholangitis, as well as one of the potential risks of complications of postoperative infection \[[@CR8], [@CR25]\].

Four studies included in this study had reported that the incidence of preoperative cholangitis in the ENBD group was significantly lower than that in EBS group. After combining the results, both total and hilar cholangiocarnoma subgroup analysis showed a lower preoperative incidence of cholangitis in ENBD, which was consistent with other studies \[[@CR26], [@CR27]\].

In addition, meta-analysis showed that the incidence of preoperative pancreatitis and stent dysfunction in the EBS group was higher than that in ENBD group, and the causes of the dysfunction were EBS stent occlusion and ENBD stent dislocation. Whether MBO biliary drainage is adequate or not is directly related to the degree of organ damage. Biliary obstruction and cholangitis due to poor biliary drainage will also have a great impact on the survival period and the quality of life of patients. Due to the advantages of rinsing in vitro, ENBD can effectively guarantee the smooth degree of drainage, prolong the survival time, and improve the quality of life for patients. Meta-analysis results provide evidence for this.

Pancreatic fistula, delayed gastric emptying, biliary fistula, and deep abdominal infection are the most common morbidities after pancreaticoduodenectomy (PD). Studies have shown that PBD causes bacterial translocation in the biliary tract, leading to cholangitis associated with this process, which makes the incidence of wound infection significantly higher than that of patients who did not receive PBD treatment before a pancreaticoduodenectomy (PD) \[[@CR19], [@CR20]\]. Fujii et al. also reported that the positive rate of bile or drainage fluid culture in the ERBD group was significantly higher than that in the ENBD group, and that the incidence of an abdominal abscess was significantly higher \[[@CR8]\]. Zhang et al. did not find the difference of the overall complications of PD between the ENBD group and the EBS group; there was a significant difference in the incidence of deep abdominal infections but not in wound infections or pulmonary infections \[[@CR16]\]. The evidence shows that the infection complications of PD are important factors affecting the treatment of EBD. Therefore, the reduction of morbidity of PD after an operation is an index to evaluate the efficacy of ENBD and EBS. In the enrolled literature, only Kawakami et al. suggested that the morbidity of ENBD was significantly lower than that of EBS \[[@CR11]\], while other studies reported that there was no significant difference between the 2 groups. However, the pooled results showed that the incidence of ENBD was significantly lower than that of EBS.

Therefore, preoperative biliary drainage for MBO patients can give priority to ENBD. When stent dysfunction or intolerance occurs, the nasobiliary duct is replaced by a biliary stent, a so-called bridge PBD. Studies have shown that bridge PBD can shorten the length of the preoperative hospital stay and enables PBD to be carried out for a long time without aggravating the prognosis after PD \[[@CR28]\].

Conclusion {#Sec16}
==========

Regardless of the type of MBO, the rates of preoperative cholangitis, preoperative pancreatitis, post-operative pancreatic fistula, stent dysfunction, and morbidity of ENBD patients were lower than those of EBS patients. In clinical practice, the physical condition of each patient and their tolerance should be fully considered. ENBD should be given priority. EBS should be replaced if stent dysfunction or intolerance occurs.

Limitation {#Sec17}
==========

There are several limitations in this article. First, most of the literature is a retrospective study. Although retrospective studies can reflect the application value of the real world, there may be selection bias in these non-randomized controlled studies. Second, since malignant biliary obstruction includes a variety of malignant tumors, although subgroup analysis is performed, its high level of mixed pathology may affect the applicability of this review.
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